In this paper we show how a one dimensional fluid model can be used to interpret data obtained from an inclined Mach-probe or a Gundestrup probe. We use an analytical approximation of the solution of the differential equations describing the relation between the plasma flow and the measured ion saturation currents at the probe's surface. The parameters of the approximate analytical solution are determined by comparison with the exact numerical solution of the equations. In this way we are able to measure the parallel as well as the perpendicular Mach numbers over the whole parameter range with a minimum accuracy of 90%.
Introduction
Mach probes are a common diagnostic to measure the flows and electric field profiles in the edge of fusion machines. The Mach numbers ( //, M ⊥ ) of the parallel and perpendicular (in the magnetic surface, but perpendicular to the magnetic field) flow of the unperturbed plasma are derived from the ratio R of the up-and downstream ion saturation currents. To derive // M , Hutchinson [1] has developed a 1-D fluid probe model, which has been extended by Van Goubergen [2] to study the influence of M ⊥ on the ratio R of the up-and downstream current, when the inclination angle θ of the probe surface with respect to the magnetic field is changed.
These models essentially relate the ion saturation currents measured at the probes surfaces to the Mach numbers of the flow of the plasma not perturbed by the probe via a set of coupled differential equations. The numerical solutions of these equations can be approximated by an analytical function ( ) [ ]
The angle θ is the angle between the magnetic field and the collectors as shown in figure 1. All the other symbols indicate dimensionless quantities and are defined in [2] .
The unperturbed plasma is thus described by the parallel Mach number //, M ∞ and a normalized density 1 n = . With these starting values we solve equations (1) and (2) numerically and obtain the spatial variation of the density and parallel Mach number in the pre-sheath as shown in figure 2 and 3. The non-dimensional parallel distance is chosen such that // = −∞ defines the unperturbed plasma and // 0 = the Magnetic Pre-sheath Entrance (MPSE), defined by the Bohm boundary condition:
This condition is a result from the singularity of the denominators of equation (1) and (2) θ =°, the system is insensitive to perpendicular flow and the ions reach the sound speed at the MPSE. When the probe is inclined, perpendicular flow is measured, and the parallel Mach number at the MPSE has to adapt itself to a value imposed by equation (3) . Figure 2 shows that, due to the conservation of particles, the ion density in the pre-sheath must decrease when the ions accelerate towards the MPSE.
Pre-sheath
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Dividing equation (1) by (2) immediately gives the evolution of the density as a function of the parallel Mach number: 
The values of was found to be weak. In the past a constant value of 2.3 c = was used [3] and the disagreement with the numerical exact solutions, when not taking into account any dependency, was ignored. However in figures 5 and 6 one can see that, under certain conditions, the error can no longer be neglected. For example, for a given 0.5 M ⊥ = and //, 0.4 M ∞ = (figure 6, dashed vertical line) the results diverge from the numerical ones for bigger inclination angles of the probe. Figure 5 shows also that the approximated analytical solution for the sheath density reaches values higher then one which indicates an overestimation. The value for c is too big for those cases. On the other hand when θ is kept constant the error builds up with growing parallel flow. The latter θ =°. We conclude that the error increases with growing parallel Mach number. Furthermore, for these settings, the weak dependency on M ⊥ is demonstrated by a nearly constant slope of the curves. Therefore, in the following we present a better definition for c, which minimizes the error between the approximated analytical solutions and the exact numerical solution and so the underestimation of the flows.
Improvement of the approximated expression
Basically we will investigate the possibility to derive an analytical expression for 
The following 
Conclusion
In this paper we formulated a new analytical expression for the factor ( ) 
